Abstract²The use of a filter box for Total Ionizing Dose (TID) test is a recommendation present in the more relevant test method standards. However, the absence of specific details can produce discrepancies between different radiation facilities and dosimetry procedures.
. All of them recommend the use of a container or filter box surrounding the specimens to minimize dose enhancement from low-energy scattered radiation by producing charged-particle equilibrium.
The recommended equilibrium material is composed by lead (Pb), at least 1.5mm, and an inner lining of aluminium (Al), at least 0.7mm. For this work, the thickness of the layers used for the filter boxes have been 1.5mm of lead (Pb) and 2mm of aluminum alloy ADC12 (Al).
The three test methods specify that if it can be demonstrated that low-energy scattered radiation does not cause dosimetry errors due to dose enhancement, then the equilibrium material may be omitted. But the description of how it can be demonstrated is not included in the test methods.
This absence of specific recommendations in the test methods to assess the low-energy scattered radiation allow that different radiation facilities can implement different technical means and methodologies.
The contribution of the low energy photons to the total cumulative dose is not well known, and this phenomenon is directly linked to the filter box use recommendation. This amount should be better known and minimized for each laboratory considering that total ionizing dose test to characterize the EEE devices degradation under radiation are normalized to 1.25MeV energy photons (on average) from Co-60, so any other contribution of low energy photons is not desirable.
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The motivation of this work is to show the behavior of a specific dosimetry system in function of the filter box structure and the boundary conditions (walls, heavy metals, etc.). The obtained differences reveal the need of a deeper study including more variables.
II. TEST DESCRIPTION
All measurements have been carried out at National Centre for Accelerators (CNA ± Centro Nacional de Aceleradores) radiation facility, in Seville (Spain).
A. Gamma-radiation facility
This work has been performed using a teletherapy irradiator model Gammabeam® X200 manufactured by Best Theratronics Ltd. Company, housed in a concrete shielded vault (5.8m x 4.8m x 3m). The radioactive source of cobalt-60 (60Co) is slid horizontally between the fully shielded position and the fully exposed position. In this location, the shield has a conical opening which contains a variable collimator system, providing different square irradiation fields. An attenuator system of 16mm of lead has been placed just after the collimator to increase the possible effect of changing the energy spectra.
The GBX200 contains an isotopic source of cobalt-60, which decays to become 60Ni by beta emission and two associated gamma rays with energy of 1.17 and 1.33 MeV. The medium value (1.25 MeV) is usually established for testing purposes.
B. Dosimetry System
The dosimetry system consist in Farmer ionization chamber (0.6 cm3) TM30013 connected to the UNIDOS®Webline electrometer, both from PTW. This equipment is calibrated to obtain Air Kerma measurements considering the kTP correction factor. For this purpose, the pressure, temperature and relative humidity have been measured during the dosimetry process. The dose rate in silicon has been calculated to carry out the comparative study.
C. Filter Boxes
Different filter boxes have been used to perform this study. Combining four different types of cover, as shown in Table I Table I . (b) This cover is completely of aluminum, 2mm of thickness, and correspond to C2 in Table I . (c) This cover is composed totally by PMMA (polymethyl methacrylate acrylic), 5mm of thickness, and correspond to C3 in Table I . (d) This cover has 1.5mm of lead over the aluminum surface of the cover (b), and correspond to C4 in Table I . Table II , and it has 2mm of aluminum in the five faces of the box. (c) This configuration corresponds to F3 in Table II , and it has only a surface, the back one, contrary to the surface where beam hits, formed by 1.5mm of lead over 2mm of aluminum. (d) This configuration corresponds to F4, with 1.5mm of lead over 2mm of aluminum in the five faces of the box.
D. Boundary Conditions
All measurements have been performed at the same radiation facility. However, in order to submit the filter box to different surrounding condition, four different points of measurement have been used. These conditions are described in the Table III:   TABLE III 
III. TEST RESULTS
A qualitative analysis has been performed based on the experimentally calculated dose rate. Dose rate in silicon has been determined measuring the collected charge for one minute in the Farmer chamber. Three runs have been carried out for each point in order to take the average charge value, reducing the corresponding uncertainty. Moreover, all measurements have been normalized in time to avoid the Co-60 radioactive source decay effect during the test campaign.
In the Tables IV, V and VI can be observed the dose rate differences between the reference value, on each case, and the other test conditions.
In the third column of Tables IV, V and VI are presented a visual representation of the dose rate difference respect to the reference value. The symbols , , and mean that with this test condition was obtained a dose rate much lower, lower or slightly lower, respectively, than the reference value in comparison with the other two test conditions. Similarly, the symbols , and mean much higher, higher and slightly higher.
A. Influence of the Faces (no front cover) of the Filter Box
In the Table IV the reference value has been defined as the dose rate obtained with the F4 parameter on each case, that is, the faces of the box recommended by the test methods, [1], [2] and [3] . Thanks to these data it is possible to compare how affects the specific faces of the box used for the filter box, respect to the faces defined as F4, in function of the cover and the boundary conditions of the filter box. The minimum and maximum dose rate difference are -3.3% and 2.5% respectively, and correspond to the (C4,B3,F2) respect to (C4,B3,F4), and (C1,B2,F1) respect to (C1,B2,F4). Both of them represents filter boxes without lead except in the front cover in the second case.
B. Influence of the Front Cover of the Filter Box
In the Table V , the reference value is the dose rate measured using the front cover C4, that is the recommended by the test methods [1], [2] and [3] .
In the Table V we can observe greater dose rate differences in comparison with Table IV . This phenomena can be explained considering the different attenuation factor corresponding to the different front covers, that logically implies differences in the dose rates. Therefore, The minimum and maximum dose rate difference are 4.1% and 12.4% respectively, and correspond to the (F4,B3,C2) respect to (F4,B3,C4), and (F3,B4,C1) respect to (F3,B4,C4). Both of them represents front covers without lead, with only aluminum or nothing (C2 and C1). 
C. Influence of the Boundary Conditions that Surround the Filter Box
In the Table VI the boundary condition considered as reference has been the parameter B1, which consist in using the filter box as far as possible from walls, attenuators or any other material which can overshadow the DUT. In the Table VI is not present the column Visual Difference because the dose rate difference herein is because of the different SDD used in the measurements. Since measurements are not normalized to any distance, it is not really practice compare these values except to analyze that the differences remain similar in all cases.
IV. DATA ANALYSIS AND ASSESSMENT
The filter box, as specified in the test methods, is composed of C4 cover and F4 faces. Therefore, these values for the C and F variables should represent the lowest values of dose rate in comparison with the other C and F configurations. Accordingly, this is observed in Table IV for B2 and B4 boundary conditions, even independently on the cover. However, for B1 boundary condition, where less low-energy contribution is expected, the F4 condition implies a higher dose rate than the F1 to F3 conditions. In addition, when C4 is used, this phenomenon also occurs for B2 boundary condition, besides B1.
In principle, the filter box could involve two opposite contributions, on the one hand decreasing (filtering) the scattered radiation from the surroundings objects, and on the other hand increasing it when the external scattered radiation is negligible.
In Table V , differences due to the cover are observed, but these differences are minimized when the boundary condition imply a more clean spectra.
A. Graphics with F=F4 as reference. When B=B2, F3 is closer to F4 (reference) than F1 and F2, probably because the main contribution of low-energy photons comes from the wall.
When B=B3, the difference between using C4 or C1-C3 is especially high, but it seems that the type of faces has no influence. The máximum absolute dose rate change is 3.3%, and 80% is below 2%.
B. Graphics with C=C4 as reference.
When B=B4, the influence of the type of cover is especially emphasized; C2 cover gives the value nearest to reference. However, when B=B1 or B2, the influence of the type of cover and even the type of faces is not so significant, as expected, probably because the low-energy photons contribution is very low. Fig. 6 . The influence of the front cover of the filter box on the dose rate change respect to the reference value (C4), only for the remaining faces F=F1. Fig. 7 . The influence of the front cover of the filter box on the dose rate change respect to the reference value (C4), only for the remaining faces F=F2. Fig. 8 . The influence of the front cover of the filter box on the dose rate change respect to the reference value (C4), only for the remaining faces F=F3. Fig. 9 . The influence of the front cover of the filter box on the dose rate change respect to the reference value (C4), only for the remaining faces F=F4.
C. Graphics with B=B1 as reference. Fig. 10 . The influence of the boundary condition (and SDD in our case) on the dose rate change respect to the reference value (B1), only for the front cover C=C1. Fig. 11 . The influence of the boundary condition (and SDD in our case) on the dose rate change respect to the reference value (B1), only for the front cover C=C2. Fig. 12 . The influence of the boundary condition (and SDD in our case) on the dose rate change respect to the reference value (B1), only for the front cover C=C3. Fig. 13 . The influence of the boundary condition (and SDD in our case) on the dose rate change respect to the reference value (B1), only for the front cover C=C4.
The different dose rates measured at B1-B4 with different C-F parameters bear no relation per se because B1-B4 correspond to different SDD, but it can be observed that the type of cover and the type of faces affect all boundary conditions equally (at this facility).
V. CONCLUSIONS AND FURTHER WORK
Absorbed dose enhancement effects depend strongly of the boundary conditions and the used filter box. The geometry of the facility can be involved in this effects, so this work reveals the needed of including different facilities (with different source configuration, layout, geometries, etc.) to this study.
In addition, the dosimetry system, in particular the dosemeter sensitivity to low-energy photons, is also an interesting parameter to be considered in the dose enhancement effect study. Therefore, it is recommended to include in future experiments other dosimetry systems such as TLDs or Alanine pellets.
This qualitative analysis leads us to conclude that the generic recommendation of the test methods about the ideal filter box could be improved, considering important parameters of the radiation facilities. However, a deeper analysis of this matter is mandatory to understand the physics behind and incorporate practical recommendations in the applicable TID standards.
Currently, CNA (National Centre for Accelerators ± Centro Nacional de Aceleradores), ATN (ALTER TECHNOLOGY TÜV NORD SAU), ESA (European Space Agency), UML (University of Massachusetts Lowell), and PTW are planning a collaborating and ambitious project to carry out a more complete study of the dose enhancement effect and filter box influence.
